It is shown that nite size e ects in the free energy of a rough interface of the 3D Ising and three{state Potts models are well described by the capillary wave model at two{loop order. The agreement between theoretical predictions and Monte Carlo simulations strongly supports the idea of the universality of this description of order{order interfaces in 3D statistical systems above the roughening temperature.
Introduction
Many 3D physical systems show the presence of interfaces separating coexisting phases at thermal equilibrium. It turns out that these interfaces are often dominated by long wavelength uctuations (i.e. they behave as uid interfaces). These soft modes play an essential role in the description of nite size e ects (FSE) in the uid interface's free energy (see e.g. 1]).
3D spin systems o er a simple context where these e ects appear and can be studied, by using numerical simulations to check theoretical predictions. It is in fact well known that at low temperature, on nite volumes, they show domain walls separating coexisting phases, which behave as uid interfaces between the critical and the roughening temperature. Besides, the models we study are interesting because they are related by duality to 3D Z N gauge theories, and to high temperature 4D gauge theories through dimensional reduction.
While below the roughening temperature the interfaces are almost rigid and a theoretical microscopical approach can be taken (see e.g. 2] and references therein), above it one is forced to assume an e ective model describing the collective degrees of freedom of the rough interfaces.
We follow the capillary wave model (CWM) 3], in its simplest formulation, assuming an e ective 
where the single{valued function x(r; t) describes the displacement from the equilibrium position of the interface and is the reduced (order{order) interface tension. To compare the predictions of the CWM with numerical results obtained from Monte Carlo (MC) simulations, one can choose 3D lattices of R T L sites, with L R; T and periodic boundary conditions in each direction. This particular choice of the lattice shape allows one to consider only interfaces orthogonal to the elongated direction L, the probability of having interfaces orthogonal to the other directions being negligible. The 2D eld x(r; t) is therefore dened on the rectangle (r; t) 2 0; R] 0; T] with opposite edges identi ed, i.e. on a torus.
The two{loop CWM approximation
Rather strong FSE, depending on the shape of the lattice, already appear at the one{loop (gaussian) approximation to the CWM 4]. The partition function Z cw = R Dx]e A x] can be in fact expressed as an expansion in powers of the adimensional parameter 1 a , proportional to the minimal area of the surface ( a RT), Z cw (z; a ) = e a Z (1l) (z) Z (2l) (z; a ) ::: (2) where is an unknown constant and z = R=T.
The one{loop contribution Z (1l) , obtained retaining only the quadratic term in the expansion of A x], depends only on z, namely on the asymmetry of the transverse sizes of the elongated lattice. Z (1l) is nothing but the (exact) partition function of a 2D conformal invariant free boson on a torus of modular parameter = iz: Z (1l) (z) = Taking into account higher order corrections to the gaussian model a more stringent test on the CWM can be provided: in fact, while many di erent e ective hamiltonians reduce to the gaussian form at one{loop level 5], they di er in the form of two{ and higher{loop corrections.
The two{loop term Z (2l) of Eq.(2) can be calculated perturbatively, expanding (1) at the next{ to{leading order in a , and is given by 6] 
and e 2 ( ) = 1 24 P 1 n=1 n q n 1 q n , q = e 2 i , is the second Eisenstein series.
In contrast to what happens at the gaussian level, here the capillary wave contributions do not depend only on the asymmetry parameter z but also on a . As a consequence, the two{loop nite size behavior of the energy splitting E occurring between vacua on nite volumes E(R; T) Z cw (z; a ) (5) has no longer, the well known classical functional form 8] E cl (R) = e R 2 not even for symmetric (R = T) lattices, as can be easily seen by setting z = 1 into Eq.(5).
Numerical results
The comparison between formula (5) and the values of E extracted from MC simulations provides a simple and stringent way to verify the CWM predictions. Notice that no new free parameters are introduced within this approach: Eq. (2) contains the same number of undetermined parameters, namely and , to all orders of approximation.
We report here the main results of the MC simulations we have made for the three{state The results of these ts are given in Tab.1. Thus, the CWM in the two{loop approximation provides an excellent description of order{order interfaces in both the Ising and the three{state Potts models. This result is a strong indication of the universality of this description of interface physics in 3D statistical models.
